Background: Impaired sleep quality is commonplace within industrialized societies, as evidenced by the increasing number of prescriptionsleepaidsavailable.Certainherbalpreparationshavebeensuggestedtoprovideanaturalbenefittosleep;however,limited controlleddataareavailabledocumentingthisbenefit.Inthepresentstudywetestedtheeffectofanexperimentaldietarysupplement, containing the active ingredients Chlorophytum borivilianumandVelvetbean,onsleepqualityusingthePittsburghSleepQualityIndex (PSQI). Methods: Eighteen healthy and active men and women, with evidence of impaired sleep quality, consumed the supplement daily for 28 days. The PSQI was administered before and after the intervention period. As indicators of safety, resting heart rate and blood pressure were measured, and a complete blood count, comprehensive metabolic panel, and lipid panel were determined. Results:Sleepqualitywasinfluencedbythesupplement,asevidencedbyanimprovementineverycategoryofthePSQIquestionnaire (P ,0.05),withmostcategoryscoresimprovingapproximately50%frompretopostintervention.Noadverseoutcomeswerenoted with use of the supplement, as indicated by no change in resting heart rate, blood pressure, or any bloodborne parameter. Conclusions: An investigational dietary supplement containing the active ingredients Chlorophytum borivilianum and Velvet bean improvessleepqualityinmenandwomen.Additionalplacebocontrolledtrialsareneededtocorroboratethesefindingsinindividuals withself-reportedsleepingdifficulty.
Introduction
An estimated 50-70 million Americans suffer daily from sleep disorders. 1 This results in billions of dollars being spent each year on sleep-related issues, inclusive of both direct and indirect costs. 2, 3 In fact, prescription hypnotics and sedatives were nationally ranked as the 20th highest prescription therapeutic class by IMS Health and they accounted for $66 million in costs in 2010. 4 It is possible that this trend will continue to rise for sleep related pharmaceuticals,withanannualprescriptiondrugexpenditure approaching $100 million by 2020.
Regardless of the cause (eg, self-imposed, insomnia, etc.), sleep deprivation can have serious consequences, including but not limited to: decreased cognitive performance, 5 decreased immune function, 6 increased likelihood of obesity, 7 and decreased productivity at work. 8 Moreover,thosewhoexperience sleep deprivation often report an increase in the numberofdoctorofficevisits, 1 which contributes to rising health care costs. Whether due to personal choice (eg, preoccupation with extraneous activities [eg, technologies]) or due to a true inability to obtain quality sleep (eg, insomnia), the problem of impaired sleep quality is real for millions of individuals worldwide. Each year, many individuals seek assistance with improving sleep quality, most often in the form of pharmaceutical support. While this approach is met with success for some, 9 others prefer to use nonpharmaceutical approaches. This typically involves the use of naturally occurring herbal sleep aids and dietary supplements, 10 which may offer sleep assistance while minimizing the likelihood of adverse effects associated with the use of pharmaceuticals.
Commonly used herbal preparations include Valerian root extract, 10, 11 Chamomile tea, 10, 12 and Kava Kava. The latter has been linked to hepatotoxicity and is generally not recommended. 13 Other dietary supplements that have been considered include 5-hydroxytryptophan (5-HTP), which potentially gives rise to L-tryptophan, 10 in addition to melatonin. 14, 15 The mechanism of action of sleepspecific supplements varies, but effectiveness may be at least partly linked to increase growth hormone (GH) output. GH is secreted by the anterior pituitary gland and stimulated by GH-releasing hormone (GHRH). GHRH has been shown to induce sleepiness via injections in both animals 16 and humans, 17 and articles have reported on the role of GHRH and GH in relation to slow wave sleep.
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Chlorophytum borivilianum, also known as Safed Musli, is a tropical herb with many therapeutic applications within Ayurvedic medicine. 19 Velvet bean, also known as Mucuna pruriens, is a climbing legume that also has its heritage in Ayurvedic medicine. Both of these agents have been reported anecdotally to improve sleep quality. However, we are unaware of anycontrolledexperimentsdocumentingthis finding. While this is the case for sleep, we have recently reported that a combination of these two ingredients stimulates an increase in GH output during a twohour period post ingestion. 20 It is possible that the increase in GH, coupled with other benefits associated with use of these ingredients, may be associated with improved sleep quality in those with impaired sleep. Based on the above rationale and the potential for Chlorophytum borivilianum and Velvet bean to improve sleep quality, an investigational dietary supplement was tested to determine the impact of daily ingestion of this supplement, for a period of four weeks, on sleep quality in healthy men and women with impaired sleep quality.
Methods

Subjects and screening
Eighteen healthy and physically active men (n = 9) and women (n = 9), with self-reported impaired sleep quality, participated in this study. In particular, to be eligible for enrollment into the study, subjects must have indicated one or more of the following: routine difficultyfallingasleep,frequentwaking(.2 times) during the night, and awaking in the morning feeling tired. Moreover, initial scores using the Pittsburgh SleepQualityIndex(PSQI) 21 confirmedthatsubjects trulyexperiencedsleepimpairment.Eligiblesubjects consisted of any otherwise healthy man or woman living in the Memphis area, who met enrollment criteria of experiencing impaired sleep quality. All subjects who were initially screened for enrollment (ie, those who expressed interest in participating based on recruiting efforts outlining inclusion criteria and study participation), were allowed entrance into the study if they met the above criteria. All subjects completed a medical history and physical activityquestionnairepriortobeingenrolled.Nosubject smoked cigarettes or had self-reported cardiovascular 9 or metabolic disease. Throughout the investigation, no subject used medications or dietary supplements designed to aid sleep quality. During the initial visit to the lab, subjects completed all paperwork, including an informed consent form. All experimental procedures were performed in accordance with the Helsinki Declaration and The University of Memphis HumanSubjectsCommitteeapprovedallexperimental procedures.
Testing
Following screening procedures, subjects reported to the lab in the morning hours (0600-0900) on two different occasions separated by four weeks, to undergo testing. Upon arrival to the lab in a 10 hour fasted state, subjects rested quietly for a 10 minute period. Resting heart rate (60 second palpation) and blood pressure (standard auscultation methods) were then measured, and a blood sample was collected. The PSQI 21 was completed by subjects at this visit and used as the main outcome measure in this study. It should be noted that the PSQI is self-rated questionnaire which assesses sleep quality and disturbances over a 1-month time interval. Within clinical practice and research settings, the PSQI is widely used and well-accepted. The above procedures were identical for both the pre and post intervention test days. To characterize subjects, the height, weight, waist and hip circumference, and skinfold thickness for estimation of body fat percentage (using Lange calipers, a seven-site test, and the Siri equation) was measured. Subject descriptive characteristics are presented in Table 1 .
The investigational dietary supplement used in this investigation contained a proprietary blend of Chlorophytum borivilianum (root) and Velvet bean (bean). All subjects received the active treatment and no placebo condition was used in this study design. However, subjects were instructed that they would havea50%chanceofreceivingtheactivetreatment (thesupplement)anda50%chanceofreceivingthe placebo. This design somewhat helped to avoid a "placebo" effect, which is well documented in the biomedical literature. 22 The supplement was produced in accordance with Good Manufacturing Practices. Subjects were assigned their condition on day one of the study and were instructed to consume one capsule per day (750 mg) for the initial three days. Beginning with day four, subjects were instructed to consume between one and three capsules per day, depending on their tolerance and preference. This was done in an attempt to mimic real life conditions of using dietary supplements for the purpose of improving sleep quality. Subjects were instructed to consume the capsules before bed on an empty stomach. Capsule counts upon bottle return allowed for the calculation of compliance to intake, when coupled with subjects' self report on the number of capsules consumed per day. The intervention/ supplementation period was for 28 days.
Blood collection and analysis
Blood (∼14 mL) was collected from subjects via needle and Vacutainer ® both pre and post intervention as indicated above. Blood was processed and sent to Laboratory Corporation of America for analysis of complete blood count, comprehensive metabolic panel, and lipid panel. The complete blood count was determined using an automated cell counter (Coulter LH750). The comprehensive metabolic panel was determined using automated procedures (Roche/Hitachi Modular). The lipid panel was determined using enzymatic procedures (Roche/Hitachi Modular). As with the measure of heart rate and blood pressure, the blood measures were simply performed as indicators of safety associated with intake of the supplement. We had no reason tobelievethatthesupplementwouldfavorableinfluence any measure within these panels.
Dietary intake and physical activity
Due to the fact that alteration in dietary intake may have impacted sleep quality, 23 subjects were instructed to maintain their usual intake during the entire duration of the study. Subjects were also required to record all food and drink consumed during the seven day period prior to each test day (pre and post intervention). Diet records were analyzed for total calories, protein, carbohydrate, fat, and a variety of micronutrients (Food Processor SQL, version 9.9, ESHA Research, Salem, OR). Subjects were asked to refrain from strenuous physical activity for the 24 hours prior to each test day, but they were advised to otherwise maintain their usual physical activity during the entire course of the study.
Statistical analysis
Data were analyzed using an analysis of variance (ANOVA).All analyses were performed using JMP statistical software (version 4.0.3, SAS Institute, Cary, NC).StatisticalsignificancewassetatP # 0.05. Data are presented as mean ± SEM.
Results
All subjects successfully completed all aspects of the study. Overall compliance to capsule intake was 87.0%±4.0%,withthemajorityofsubjects(13/18) consuming three capsules daily. Three subjects consumed either two or three capsules daily over the course of the 28-day study period, while two subjects only consumed one capsule each day. Dietary intake did not differ between the pre and post intervention assessment (P . 0.05), with very similar values for both time periods. Dietary data are presented in Table 2 .
With regard to our main outcome measure, the PSQI data, results were as follows. Statistically significant findings were noted for all individual measured variables including subjective sleep quality (P , 0.001), sleep latency (P , 0.001), sleep duration (P =0.010),habitualsleepefficiency(P = 0.047), sleep disturbances (P = 0.002), and daytime dysfunction (P =0.001).Additionally,asignificantimprovement was noted in the PSQI global score (P , 0.001), with all 18 subjects improving with regard to this measure. Data for the PSQI are presented in Table 3 .
Although not a primary focus of this work, we did compare potential differences in PSQI values between men and women from pre to post intervention. No interaction effects were noted (P . 0.05), with a very similar response pattern noted for men and women from pre to post intervention for all PSQI data.
With regard to the measure of resting heart rate and blood pressure, near identical values were noted pre and post intervention (P . 0.05). Data for heart rate and blood pressure are presented in Table 4 . Similarfindingswerenotedforbloodbornevariables, with near identical values for parameters within the complete blood count (P .0.05; Table 5 ), metabolic panel (P .0.05; Table 6 ), and lipid panel (P .0.05; Table 7 ).
Discussion
Data from the present investigation indicate that an investigational supplement containing a combination of Chlorophytum borivilianum and Velvet bean improves sleep quality in a sample of otherwisehealthymenandwomenwhoreportdifficulty sleeping. This is evidenced by improved scores in each category of the validated PSQI questionnaire. While these findings may be of interest, additional placebo-controlled studies are needed to corroborate these data, possibly including a larger sample size, increased length of treatment with the supplement, and additional time points of measurement. Additionally, further study with each ingredient independently would allow for an understanding of theinfluenceofeachonsleepquality.
Based on the available evidence related to GH stimulation, we believe that Velvet bean, and not necessarily Chlorophytum borivilianum, may have playedthemoresignificantroleinourfindings.For example,VelvetbeanseedscontainsL-DOPA 24 and L-DOPA taken orally has been shown to stimulate GH in human subjects. [25] [26] [27] [28] [29] [30] To corroborate this, we recently tested the same combination of Chlorophytum borivilianum and Velvet bean as used in the presentstudyandnotedasignificantincreaseinGH output during a two-hour period post ingestion. 20 GHiscloselyrelatedtoslowwavesleep;thus,the increase in GH following intake of the supplement may be responsible for the improved sleep quality. GHRH, the hypothalamic hormone that stimulates GH release, has been shown to increase sleepiness when injected into humans 31 and animals. 16 From a mechanistic point ofview,webelievethattheriseinGHmaybechiefly responsibleforournotedfindings.Unfortunately,no measure of GH was included in the present design due to the need for multiple samples to be collected in an effort to obtain a complete picture of circulating GH. That is, due to the pulsatile nature of this hormone, a single sample collected pre and post intervention 
notes: Values are mean ± SeM. no differences noted between Pre and Post intervention for any variable (P . 0.05). would not have provided much useful information. Hence, we rely on data obtained from our prior work with this investigational dietary supplement in order to help explain our current findings related to sleep quality. Future work may consider obtaining measures of GH over a 2-3 hour period after consuming the supplement and prior to bedtime, in an attempt to correlate elevated GH with sleep quality during that same day. Our failure to do so in the current design may be considered a limitation of this work. It is possible that Chlorophytum borivilianum may havealsoplayedaroleinenhancingsleepqualityaswell; however, we do not have direct evidence to support this. Forexample,thisagentmayhavemedicinalvaluedueto its saponin content, and has been studied for is effects on the parasympathetic nervous system, in particular with regard to its aphrodisiac qualities. 32, 33 These purported aphrodisiac qualities may have improved sleep quality, in conjunction with the increase in GH output.
Our finding of improvements in all variables on the PSQI deserves attention. This is particularly true when considering that comparable effects (or less effect) have been noted when using prescription sleep aids such as mirtazapine, 34 prolonged-release melatonin, 34 trazodone, 35 nefazodone, 36 zaleplon, 37 eszopiclone, 38 or ramelteon. 39 With consideration for our chosen assessment tool, the PSQI is widely used to indicate sleep quality. In fact, it appears more reliable in singling out participants reporting sleep disorders, as compared to similar scales such as the Epworth Sleepiness Scale (ESS). 40 Therefore,wehaveconfidence in our reported measures.
An admitted limitation of the present design is our lack of a placebo condition. Simply suggesting to subjects that a supplement may have hypnotic/sleepinducing qualities may translate into improved sleep quality. 41 Therefore, it is possible that subjects in our study may have obtained improved sleep quality simply due to their knowledge of the desired outcomedespitebeingtoldthattheyonlyhada50%chance of receiving the active condition (the supplement). Indeed, future work comparing this investigational supplement to a placebo, using a double-blind design, isneededtoextendtheseinitialfindings.
In support of our data, it is worth mentioning that the dietary intake of subjects was similar pre and post intervention. Hence, the noted improvements in sleep quality cannot be attributed to dietary change over time.
Finally, as many individuals opt to use dietary supplements to aid their sleep rather than prescription drugs, in an attempt to avoid adverse outcomes, we thought it was important to include some basic safety measures. In regard to this, resting heart rate and blood pressure was not impacted by treatment, nor were any measures within the complete blood count, metabolic panel, or lipid panel. These data provide initial safety data pertaining to the short-term (4-week) use of this investigational supplement. Future study is needed to determine not only the long-term impact of this supplement on sleep quality, but also on routine measures of safety.
In conclusion, we report that an investigational dietary supplement containing the active ingredients Chlorophytum borivilianum and Velvet bean improves sleep quality in otherwise healthy men and women. Moreover, use of this supplement over the course of a 28-day period does not adversely impact resting heart rate or blood pressure, nor does it negatively influence any parameter within a complete blood count, metabolic panel, or lipid panel. Additional placebo controlled trials are needed to determine the effect of this supplement on sleep quality in men and women withself-reportedsleepingdifficulty.
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